The phenomenology of γ-ray bright blazars can be accounted for by a sequence in the source power and intensity of the diffuse radiation field surrounding the relativistic jet. Correspondingly, the equilibrium particle distribution peaks at different energies. This leads to a trend in the observed properties: an increase of the observed power corresponds to: 1) a decrease in the frequencies of the synchrotron and inverse Compton peaks; 2) an increase in the ratio of the powers of the high and low energy spectral components. Objects along this sequence would be observationally classified respectively as high frequency BL Lac objects, low frequency BL Lac objects, highly polarized quasars and lowly polarized quasars.
INTRODUCTION
Among Active Galactic Nuclei (AGN) blazars represent the most extreme and powerful sources. The fundamental property characterizing blazars is their beamed continuum, due to plasma moving relativistically along the line of sight.
This scenario seems to apply to objects with somewhat different observational properties leading to different classifications/definitions. Objects with significant emission line equivalent widths are usually found as flat spectrum radio quasars (FSRQ). Objects without emission lines (EW < 5 A) are classified as BL Lac objects. Different flavors of BL Lac objects have been found in radio and X-ray surveys. These also correspond to differences in the overall spectral energy distributions (SED) (see. e.g. Padovani & Giommi 1995) , which have been interpreted either as due to orientation (Ghisellini & Maraschi 1989 , Urry & Padovani 1995 , or as intrinsic (Padovani & Giommi 1995) . Nevertheless, while different sub-classes have different average properties, the actual distinction among them is certainly fuzzy and so far ⋆ E-mail: gabriele@merate.mi.astro.it several sources have shown intermediate behavior. In fact arguments for a substantial 'continuity' in the continuum spectral properties leading to adopt the blazar denomination as including both, BL Lacs as well as FSRQs, have been recently re-proposed by Maraschi et al. (1995) , and Fossati et al. (1997) .
The recent discoveries of about ∼60 blazars emitting in the γ-ray band, by EGRET on board the Compton GammaRay Observatory (CGRO) (Fichtel et al. 1994; von Montigny et al. 1995; Thompson et al. 1995; and of a few BL Lac objects by WHIPPLE and HEGRA (Weekes et al. 1996 , Petry et al. 1996 , have revealed that the bulk of their radiative output is emitted in the γ-ray range, thus allowing us to discuss for the first time the characteristics of blazars knowing their total emission output and their entire SED. At the same time these observations have raised again the question as to whether and how the various subclasses differ in their γ-ray properties.
For a deeper understanding of the fundamental mechanisms at work in these sources it is crucial to address the questions: within the blazar phenomenon which is the physical origin of the difference among BL Lacs and even more c 0000 RAS broadly between BL Lacs and FSRQ? Is it possible to identify continuity among them, with a limited number of physical properties determining the observational characteristics of all blazars?
We address these issues from two sides: a purely observational approach (Fossati et al. 1998 ) based on complete sub-samples of blazars and (here) a more theoretical approach based on modeling individually the SEDs of all the γ-ray sources with sufficient available data to constrain their physical parameters. This allows us to derive trends between the physical quantities underlying the correlations between the observed ones.
Several models, still in competition, have been proposed to explain the γ-ray emission and the overall SED of blazars. Mannheim (1993) proposed that shock-accelerated electrons and protons give origin to two different populations of particles (electrons and electron-positron pairs), responsible of the entire SED through synchrotron emission. In an alternative widely adopted scenario, a single population of electrons is supposed to radiate from the far IR (or even radio) to the UV-soft X-rays by the synchrotron mechanism, and at higher frequencies by the inverse Compton process. In general the observed SEDs require curved spectra steepening at higher frequencies, for both the synchrotron and inverse Compton components. In the νFν representation of the SEDs each component shows then a peak that in the following will be referred to respectively as the synchrotron and inverse Compton peak. Specific models differ in the adopted geometry (one-zone homogeneous models or inhomogeneous jet models), and in the nature of the target photons which are up-scattered in energy by the inverse Compton process. The target photons could be either synchrotron photons (Maraschi, Ghisellini & Celotti 1992; Bloom & Marscher 1993; Ghisellini & Maraschi 1994) , or be produced in the accretion disk (Dermer & Schlickeiser 1993) , or in the broad line region (BLR). The BLR itself can be either illuminated by the disk (Sikora, Begelman & Rees 1994; Blandford 1993; Blandford & Levinson 1995) , or self-illuminated by the jet (Ghisellini & Madau 1996) . Finally, target photons could be produced by a dusty torus surrounding the blazar nucleus . All these different scenarios have been tested on specific sources, but often more than one model can reproduce the same data with similar accuracy (see von Montigny et al. 1997 for 3C 273; Ghisellini, Maraschi & Dondi 1996 for 3C 279; Comastri et al. 1997 for 0836+710).
Here we examine only two of the leading pictures, namely the synchrotron self-Compton (SSC) and the 'external Compton' (EC) model, in which the main contribution to the target photons is produced outside the γ-ray emitting region, even if some contribution from the SSC component is always present. Therefore, in the following, with the term "EC" we mean a model in which both the SSC and the EC contributions to the high energy spectrum are considered, while external photons are completely neglected in the SSC model. The SSC and the EC models are applied to all sources with sufficient available data to constrain the models themselves.
Through a search in the literature the multiwavelength overall spectra of 51 γ-loud blazars have been assembled. Even if the vast majority of the data are not simultaneous and the sample is not complete in any respect, they provide a useful template of the SED of different classes of γ-loud blazars. While the non-simultaneity of the data (except for a few sources) precludes from deriving strong conclusions about specific objects, their large number allows us to study trends in the physical parameters of the models and possible correlations among them and with the observed spectral characteristics of different sub-classes of blazars.
In Section 2 the sample of sources is defined, while in Section 3 we describe the two adopted models, the computing procedures and the 'fit' criteria. The results are presented in Section 4 and discussed in Section 5.
THE SAMPLE
Two pieces of information have been considered essential for including a source in the present sample:
(i) either detection and estimate of the γ-ray spectral slope in the EGRET band or detection by the WHIPPLE observatory;
(ii) measured (or lower limit on) redshift.
For all the sources satisfying the above criteria sufficient information at lower frequencies could be found so that the location of both the synchrotron and inverse Compton peaks and the luminosity of each source could be estimated. The resulting 51 sources are listed in Table 1 in the Appendix, together with their redshift, classification and the list of references relative to the data plotted in Fig. 1a -f. The sample includes 14 BL Lac objects and 37 quasars. Among quasars, all core dominated radio sources with flat radio spectra, 16 are HPQ (highly polarized: optical polarization >3 per cent), 16 are LPQ (lowly polarized), while for the remaining 5, labeled NP, polarization measurements were not found. BL Lacs can be divided in two sub-classes with different broad band spectra according to their radio-X-ray spectral index αRX (Padovani & Giommi 1995 , Fossati et al. 1998 . In fact there is a close correlation between the value of αRX and the energy of the synchrotron emission peak: for αRX > 0.75 this is in the IR-optical (LBL: low frequency BL Lac), otherwise in the UV-soft X-ray band (HBL: high frequency BL Lac). According to this definition, we have 10 LBL and 4 HBL.
Note that in our list there are two sources detected by WHIPPLE but not by EGRET, i.e. the two HBL objects Mkn 501 (1652+398) and 1ES 2344+514.
In Fig. 1a -f, the overall SEDs of all the blazars listed in Table 1 are plotted. Frequencies and luminosities are in the rest frame of the source and are calculated assuming cosmological parameters H0 = 50 km s −1 Mpc −1 and q0 = 0.5. Fluxes have been dereddened using the absorption values reported in the NED database.
THE MODELS

General assumptions
The emitting region is assumed to be a sphere (blob) of constant radius R, with a homogeneous and tangled magnetic field B. Throughout the source relativistic electrons are continuously injected at a rate Q(γ) [cm −3 s −1 ], corresponding to a luminosity Linj and a compactness ℓinj ≡ LinjσT/(R mec 3 ), where σT is the Thomson scattering cross Figure 1 . a. Spectral energy distributions (in νL(ν)) of the 51 γ-ray loud sources. The broad band spectra have been assembled from data in the literature (the complete list of references is given in Table 1 ). In parenthesis the rescaling factors used for graphical purpose are indicated. SED from the SSC and EC models are superposed to the data, as dashed and solid line, respectively. The model parameters are reported in Table 2 , in the Appendix. For 0716+714 a redshift z = 0.3 has been adopted.
section. This power is assumed to be entirely converted into radiation. The injected particles are distributed in energy as a power-law of slope s [Q(γ) = Q0γ −s ], between γmin and γmax.
The blob moves with a bulk velocity βc, corresponding to a Lorentz factor Γ, at an angle θ with respect to the line of sight. The Lorentz transformation of the specific intensity is thus given by
is the Doppler factor. For simplicity (see below), we always assume θ ∼ 1/Γ, resulting in δ ∼ Γ. In the following of this section, unless otherwise specified, all quantities are measured in the blob comoving frame.
We consider a stationary situation, that is we determine the particle equilibrium distribution and the spectrum of the emitted radiation self-consistently, assuming that the timescale over which the particles reach equilibrium is shorter than that over which the injection mechanism changes. We neglect particle escape and adiabatic expansion.
The particle distribution
The equilibrium particle distribution N (γ) (cm −3 ) is determined by the stationary solution of the continuity equation whereγ is the cooling term and P (γ) is the rate of electronpositron pair production. The only important mechanism for pair production is photon-photon collisions, the rate of which is calculated according to the prescriptions given in e.g. Ghisellini (1989) . γ takes into account the following cooling mechanisms:
(i) synchrotron emission: mec 2γ s = (4/3)σTcγ 2 UB, where UB = B 2 /(8π) is the magnetic energy density; (ii) inverse Compton emission: mec 2γ C = (4/3)σTcγ 2 Ur, where Ur is the radiation energy density. Since the radiation spectrum extends to high energies, the scattering process has to be calculated by means of the Klein-Nishina cross section. For simplicity, we approximate it with a step function equal to the Thomson cross section for frequencies x ≡ hν/(mec 2 ) ≤ (3/4)/γ, and zero otherwise. This implies that the radiation energy density effectively involved in the inverse Compton cooling depends on the electron energy
The continuity equation is solved numerically, with an iterative approach, as described in Ghisellini (1989) . The numerical treatment is necessary because of the high nonlinearity of the processes involved: N (γ) depends on the radiation spectrum (because of the inverse Compton cooling term and the pair production rate), which in turn is determined by N (γ).
When the Klein-Nishina and pair production effects can be neglected, the solution of equation 1 is trivial: 1) for injection indices s > 2, we have a broken power law: N (γ) ∝ γ −2 up to γmin and N (γ) ∝ γ −s−1 above. In this case γmin can be identified with the crucial parameter γ peak , i.e. the Lorentz factor of the electrons emitting at the peaks of the synchrotron and inverse Compton components; 2) if 1 < s < 2 we have the same solutions for N (γ), but in this case γmin < γ peak < γmax, since the spectral index of the radiation emitted by particles above γmin is flatter than unity; 3) if s < 1 the lower limit of the integral in equation 1 becomes unimportant, yielding N (γ) ∝ γ −2 in the entire energy range, except for γ close to γmax.
Note that the assumption of constant radius and no escape tends to overestimate the particle distribution at the lowest energies, where these effects are potentially more important than radiative cooling (if the overall compactness is much less than unity). This has no effect on the synchrotron spectrum, which is self-absorbed at low frequencies, and has no effect on the observable SSC spectrum, mainly made by high energy electrons. In the case of the EC model, instead, the X-ray spectrum is made by the sum of the EC and SSC components, and therefore the X-ray flux and spectrum can depend on the details of the low energy particle distribution if the EC component dominates. Then in these cases the calculated X-ray spectrum could be flatter than what derived here.
Target photons
Ur(γ) includes the contribution from the radiation both produced internally (by synchrotron and self-Compton emission) and externally to the blob.
The latter is assumed to be distributed as a (diluted) blackbody, peaking at a frequency xext ≡ hνext/(mec 2 ) between 5 × 10 −5 and 2 × 10 −4 (in the rest frame of the blob). The exact value depends on the radiation mechanism responsible for the external field and the bulk Lorentz factor of the blob. The assumption of a blackbody spectral distribution is merely for ease of calculation. For instance, in the case of external radiation dominated by the broad emission line photons, an observer in the comoving frame of the blob would see a complex spectrum, not isotropic (blueshifted in the forward direction and redshifted in the opposite one): even a single, monochromatic line would be transformed into a peaked, but extended, spectrum.
Consequently, a peaked distribution can approximate the case of externally produced photons distributed in lines, independently of the origin of the photoionizing continuum: we can treat the cases of disk-illuminated as well as jetilluminated BLR. On the other hand, this assumption can mimic the effect of an external scattering medium only if the illuminating continuum is narrowly distributed in frequency (e.g. radiation produced by an accretion disk), but it is not satisfactory for a scattering medium illuminated by the jet (which produces a more extended spectrum).
For a direct comparison with the value of the compactness in injected electrons, ℓinj, we assume that also the external radiation can be characterized by an 'effective compactness' ℓext, defined as
where Uext is the radiation energy density (of the external radiation) as seen in the comoving frame, and is therefore amplified by a factor Γ 2 with respect to the same quantity measured in the frame of the observer.
As already mentioned, this external field is not isotropic in the comoving frame (see Dermer 1995) . However both for simplicity and because of the uncertainty in the origin and therefore in the angular distribution of the external radiation, we assume an isotropic pattern for ℓext (in the comoving frame). With this approximation also the inverse Compton radiation is isotropically distributed in this frame, and subject to the same Lorentz transformation as the synchrotron and self-Compton emission.
The uncertainty related to the latter assumption can be estimated comparing the two extreme cases of the Compton flux emitted assuming (in the comoving frame) an isotropic seed photon distribution and the case of soft photons distributed only along the jet axis. Assume for simplicity that in both cases the seed photons are monochromatic, at the frequency ν ′ 0 . The total power emitted by an electron of energy γmec 2 is P = σT cU Rybicky & Lightman 1979) , where φ is the angle between the incoming photon and the electron velocity vector and U ′ rad is the energy density of the seed photons. The viewing angle θ = 1/Γ corresponds to the aberrated angle θ ′ = 90
• : at this angle, the power received in the isotropic case is Piso = (4/3)σT cU ′ rad , while the power received in the monodirectional case (φ = 90
• ) is
. The ratio Pmono/Piso for large γ is therefore equal to 3/8. The corresponding ratio between the scattered frequencies is equal to 3/2.
Observational constraints
We require that the model parameters, besides giving a good description of the broad band SED, also satisfy additional constraints, regarding the observed variability timescales tvar and the amount of Doppler boosting. In fact, as commonly observed for the optical-UV and γ-ray emission of blazars, the minimum variability timescale must be as short as a day, or a fraction of a day. This corresponds to demand
with tvar ∼1 day. Furthermore, the Doppler factor is constrained not to exceed a value of 20-25, to be consistent with the observed superluminal speeds.
A third requirement, which is not imposed a priori but has to be satisfied in all cases, concerns the amount of pair production. As discussed in Ghisellini & Madau (1996) , the γ-ray emitting region must be thin to the high energy radiation, otherwise it inevitably leads to overproduction of X-rays. The line of the argument is as follows: if a substantial fraction of the power emitted in the γ-ray band gets absorbed in photon-photon collisions, the pairs created (which are relativistic) radiate their energy in other bands by synchrotron and inverse Compton emission. In particular this results in a copious production of X-rays, with a luminosity of the same order as that in γ-rays. Since the importance of the pair production process is measured by the compactness, the transparency requirement translates into an upper limit to the allowed values of ℓinj < ∼ 1 (see Dondi & Ghisellini 1995) .
Summarizing, for the pure SSC model 7 input parameters are required, namely: R, B, Γ, ℓinj, s, γmin, γmax. If the inverse Compton scattering on external photons (EC model) is included, two more parameters are required ℓext and xext (i.e. a total of 9).
However, if the slope of the injected electron distribution is steep (s > 2), which is the case for most sources, the exact value of γmax becomes energetically unimportant and is practically irrelevant in the comparison with spectral data. Furthermore, if the external radiation is constituted of broad line photons, the value of xext is constrained in a very narrow energy range.
In conclusion, even if there are formally nine free input parameters, γmax is relatively unimportant, xext is tightly limited and constraints apply to the possible values of R, δ and ℓinj.
Given the number of free parameters, a key question concerns the uniqueness of the 'fits'.
From an observational point of view, we have already mentioned the most critical quantities, namely the energy and luminosity of the two spectral peaks, which determine the global spectral shape. Furthermore, the optical-to-Xrays and the X-ray-to-γ-ray spectral indices and the three limits discussed above (on R, δ, ℓinj) also constrain the parameters.
In particular, as shown by , in the SSC scenario all the parameters are strongly constrained by the frequencies of the synchrotron and the self-Compton peaks, and by the corresponding powers. These allow to uniquely determine B, δ and ℓinj. R and ℓinj have then to satisfy the above constraints.
In the EC scenario, the further free parameter ℓext could be in principle be constrained by the observed soft photon component (e.g. emission line intensities). Although we choose not to assume a priori the origin of the external soft photon field, however this should at least contain the contribution of photons produced in the broad line region. The addition of ℓext as a free parameter makes the choice of δ not unique.
Independently of our assumption of selecting values of δ Figure 2 . The histograms show the distributions of the parameters of the fits for the EC (upper panels) and the SSC (lower panels) models for all sources. Thick lines represent BL Lac objects. ℓ soft is ℓext in the case of the EC model and ℓsyn (compactness of the synchrotron radiation) in the case of the SSC model consistent with the observed superluminal speeds, we have therefore examined the consequences of allowing arbitrary values of δ. In principle, one can obtain good fits with, e.g., δ ∼ 100 and small values of ℓinj (∝ δ −4 ). But since ℓext ∝ Γ 2 ∼ δ 2 , the external photons become important as targets in collisions with very high energy γ-rays, with the result of overproducing X-rays (see §3.4 and Ghisellini & Madau 1996) . Assuming instead a small value of ℓext corresponds to limit the broad line radiation to an implausibly small contribution. We therefore conclude that also the EC model is well constrained.
The main source of uncertainty on the model parameters is given by the incomplete and poor spectral coverage of several sources, which does not allow to determine with accuracy the observational constraints, most critically the peak of the synchrotron emission. Another source of uncertainty regards the presence of other spectral components. Our single-zone and homogeneous models cannot reproduce the spectrum at frequencies below the far IR, since at these frequencies the model spectrum is self-absorbed. Other emitting regions, of greater dimensions, are necessary to fit the radio band. If these also emit in the IR and optical bands, they could contribute to the synchrotron spectrum, possibly shifting its peak at a frequency different from the one corresponding to the γ-ray emitting region.
As far as the actual fitting procedure is concerned, it should be pointed out that we try to reproduce collections of data that rarely are simultaneous, for sources whose variability is a defining property. Note also that the spectral coverage differs widely from object to object. On one hand this makes it difficult to determine a method to estimate the goodness of 'fit' other than the visual inspection (with all its limits). On the other hand, as mentioned in the introduction, the main goal of our study is not to model specific blazars, but to unveil possible trends using a large number of sources. In this sense, although the model parameters relative to a specific source are not 'objectively' found (as it would be for a best fit determined through a statistical χ 2 test) nevertheless they represent a reasonable description of the spectral properties of each of the blazar in the sample.
RESULTS
The spectral distributions derived from the SSC and EC models which better describe the SEDs are superposed to the data in Fig. 1a-f . On the basis of these 'fits' both models can be acceptable for basically all sources. As mentioned in the Introduction, the EC model includes the contribution of the SSC component, i.e. the inverse Compton flux is calculated assuming, as seed photon flux, the sum of the internal synchrotron photons and the externally produced photons. As a rule, the EC component is always dominating at the highest frequencies (γ-ray band), and often it also dominates in the X-ray band. Note however that in some sources, as 0208-512, 0420-014, 0440-003, 0735+178, 0954+658, 1156+295, 1253-055 and 2032+107, the X-ray band is mainly produced by the SSC component even in the EC model.
In Table 2 (in the Appendix) the input parameters for all the fits are reported. The most remarkable difference between the two sets of parameters (SSC vs EC) is the relatively smaller value of the magnetic field in the SSC model. This has to be expected, since in order to reproduce the large ratios of inverse Compton to synchrotron luminosities, the SSC model requires a small magnetic energy density, while this constraint is relaxed in the EC scenario.
Although at first sight it seems difficult to discriminate between the two models, at least for FSRQ the parameters derived in the SSC scenario argue in favour of the EC model. In fact, let us consider the typical quantities required by the SSC model: δ ∼ 20, ℓinj ∼ 0.03, B ∼ 0.05 G, R ∼ 10 17 cm. These imply a compactness in synchrotron radiation ℓsyn ∼ 3×10 −3 . Consequently, inverse Compton scattering on broad line photons is unimportant if the external radiation energy density Uext (as seen in the comoving frame) is less than the synchrotron one, i.e.:
where the above typical parameters have been used and RBLR = 10 18 RBLR,18 cm. This limit on LBLR is certainly not observationally satisfied in FSRQ (e.g. Celotti, Padovani & Ghisellini 1997) . For BL Lacs the situation is ambiguous. While the absence of observable emission lines in most BL Lacs suggests that the SSC process can dominate on the EC one, (weak) broad emission lines have been occasionally observed in some LBL (e.g. BL Lac itself, Vermeulen et al. 1995 , Sitko & Junkkarinen 1985 PKS 0537-441, Stickel, Fried & Kühr 1993 ), sometimes exceeding the above limit. And indeed in some cases the inclusion of an external radiation component yields a better broad band fit. Therefore in the following the discussion is focused on the results of the EC scenario. or HBL the different parameters derived in the SSC and EC models can be considered an indication of the allowed range of values and, in particular, the external radiation (e.g emission line luminosity) required by the EC fit can be taken as an upper limit. Fig. 2 shows the distributions of values of the model parameters within the EC (upper panels) and the SSC (lower panels) scenarios. The thick solid lines correspond to the results for BL Lacs. In the EC case, BL Lac objects almost always form the left tail of the distributions, being characterized by smaller compactness, magnetic field and slightly smaller degree of beaming. On the contrary, comparable dimensions R and greater value of γ peak are required by the EC fits of BL Lacs with respect to FSRQ. In the SSC case the required γ peak is limited in a narrow range, without a clear distinction between BL Lacs and FSRQ, while BL Lacs are characterized by a larger average value of the magnetic field.
As a consequence of the constraints imposed on the Doppler factor and the variability timescales, the distributions of δ and R span less than one order of magnitude each, with R ∼ 10 16−17 cm † . On the contrary the other (intrinsic) quantities are spread over much larger ranges of values, with the external photon compactness covering the wider interval of about 5 decades.
The injected particle energy distribution is highly different from source to sources (see Table 2 ), in shape, compactness and (rather low) maximum energy γmaxmec 2 , thus not requiring a very finely tuned injection/acceleration mechanism.
Correlations
The main goal of this work is to determine trends and correlations among physical quantities which can shed light on the relationship among different sub-classes of blazars and ultimately on the processes at work in these objects.
We have found that the most interesting quantity to investigate links among adopted and derived model parameters is the Lorentz factor at the break of the electron distribution γ peak , which determines the location of both the synchrotron and the Compton peaks, and therefore largely determines the shape of the SED. The other important parameters controlling the SED are the ratio of the Compton to synchrotron powers, i.e. the Compton dominance LC/Lsyn, the power (or the corresponding compactnesses) injected in the form of electrons (which in our model corresponds to the radiated power), and the power in the external photon component. The results of linear correlations involving these quantities are shown in Figs. 3 and 4 and their statistical significance is reported in Table 3 in the Appendix. For completeness, we list in Table 4 (in the same Appendix) also the results of the linear correlations in the case of the SSC model.
Let us consider the results of the correlations: † Note that given the high values of the Doppler factors derived from the fits, the assumption θ ∼ 1/Γ is satisfied. The only exception is 0521-365, which only requires δ ∼ 1.4 Figure 3 . γ peak (from the EC model) is plotted against some other, intrinsic, parameters. The statistical significance of the correlations is reported in Table 3 , in the Appendix.
(i) γ peak -Strong correlations are present between γ peak and ℓext, ℓinj and the energy densities in radiation Ur and magnetic field UB, both for the whole sample and for the FSRQ sub-sample. In particular, a very strong linear correlation is found between γ peak and the total energy density, with a dependence γ peak ∝ (Ur + UB) −0.6 . The same trend appears from the correlation of γ peak with ℓext + ℓinj. It should be pointed out that these correlations are not, or at most only partly, induced by an observational selection effect: there would not be bias against detecting sources with either high values of γ peak and (Ur + UB) or viceversa. Furthermore the significance of the correlations (i.e. their small spread) can be taken as a posteriori indication of the tightness of the observational constraints imposed on the model parameters. Note that HBL, LBL and quasars are located along a sequence.
(ii) LC/Lsyn -The Compton dominance correlates with γ peak , ℓext, ℓinj, and ν obs peak , the latter being the observed peak frequency of the modeled synchrotron emission. It also correlates with the observed (beamed) power L obs inj = Linjδ 4 , while only a weak correlation exists between LC/Lsyn and the magnetic field intensity. The statistical significance of all these correlations is higher when considering the entire blazar sample, while weakens when the subsamples of BL Lacs and FSRQ are considered separately. Again, note that in all cases BL Lacs are 'separated' from FSRQ, with HBL at the extremes and some LBL smoothly overlapping with FSRQ.
(iii) ℓext vs ℓinj -A significant linear correlation is present when FSRQ are considered, while (most) BL Lacs show a relative deficiency in the external photon component with respect to this trend (see Fig. 5 ). Table 3 .
To further investigate the correlations among the various quantities described above, we ran a principal component analysis (PCA) program on the correlation matrix. Briefly, the PCA is a method to describe a multidimensional ensemble of correlated parameters, by defining a new coordinate system in which each successive coordinate direction defined by the eigenvectors, explains as much of the remaining variance in the data is possible. PCA reduces the number of relevant components and the remaining should represent more basic parameters than the original ones. (see e.g. Boroson and Green 1992 for an application). We choose to present the PCA done with the 6 most important parameters of the fits: ℓinj, ℓext, δ, γ peak , B and R.
The results of the analysis are presented in Table 6 of the Appendix which lists the most significant eigenvectors in terms of their projection upon the original 6 quantities. At the top of each column the percentage variance accounted for by the eigenvectors is given.
The first eigenvector accounts for about 45% of the total variance and is dominated by the contribution of the two compactnesses and the magnetic field energy density which anti-correlate (see above) with γ peak . This eigenvector could be associated with the total power of the source. The largest contribution to the second eigenvector comes from δ, R and γ peak , while the only relevant projection on the third one is due to γ peak .
Given that the Doppler factor δ and the blob dimension R are not completely independent quantities (see section 3.4), the PCA analysis points to γ peak , ℓinj and ℓext as fundamental variables in explaining the formation of the blazar SED, and confirms the results found through the linear regression analysis. 
DISCUSSION AND CONCLUSIONS
Generalities
We examined and reproduced the broad band spectral properties of a sample of 51 γ-ray loud blazars, in terms of synchrotron and inverse Compton emission from a homogeneous (one-zone) model. This gives a reasonable good description of the observations at frequencies greater than typically ∼ 10 11 Hz. The radio emission is expected to be produced by less compact regions on larger jet scales.
On the basis of the 'fits', it is difficult to determine whether the seed field for the inverse Compton scattering is mostly provided by synchrotron or external photons. However, as pointed out by Sikora et al. (1994) , the presence of broad emission lines, together with the found values of δ, make photons produced externally to the emitting jet unavoidably important. For this reason we consider the parameters derived in the EC scenario as the most likely for all quasars and some BL Lacs.
Strong correlations have been found among the physical parameters derived from the EC model.
Of particular physical interest is the strong correlation between the energy of electrons emitting at the peak of the observed spectra and the total energy density present in the emitting region, γ peak ∝ (Ur + UB) −0.6 . One way to explain this is to assume that γ peak is the result of a competition between the radiative cooling and the (re-)acceleration process, i.e.γacc(γ peak ) ∼γ cool (γ peak ). The typical emitting electron would in this case be quickly accelerated up to the energy where cooling is important, while only a few particles would be accelerated at higher energies. The found correlation would then imply that the (re-)acceleration process is almost independent of both the energy density in the region (both in radiation and in magnetic field) and the energy of the particles, sinceγ cool (γ peak ) ∝ γ 2 peak (Ur + UB) ∼ const. In addition, the injected particle distribution does not require characteristic shape and/or maximum energy. We postpone the discussion of this interesting result to future work; here we would only like to mention the 'hot jet' model put forward by Sikora et al. (1997) , in which the balance between heating and cooling can lead to a formation of a peak in the electron energy distribution.
We found another strong correlation between γ peak and the Compton dominance LC/Lsyn. On one side this simply confirms and quantifies, from a different perspective, the observational trends pointed out by e.g. Fossati et al. (1998) on the relation between the dominance of the Compton/γ-ray emission and the energy of the peaks of the two spectral components for complete samples of blazars. On the other side, it suggests that this link can be simply interpreted as the consequence of a change in the radiation energy density of the external field. An increase in the latter in fact leads to an increase in the particle Compton cooling and therefore both to a decrease in γ peak and a relative increase in the γ-ray luminosity. Once again we stress, as discussed in the next Section, that different sub-classes of blazars are located in different areas of this correlation.
As expected from the above correlations γ peak is also (inversely) related to the power injected in the form of relativistic emitting particles.
As presented in Fossati et al. (1998) , the ratio of the frequency of the Compton (νC) to the synchrotron (νsyn) peak is compatible with being approximately constant. Our results are in agreement with these findings, despite the relatively wide range spun by γ peak (∼ 3 decades for the EC model). In fact in the EC scenario (and in the Thomson regime of the inverse Compton process), νC/νsyn ∼ Γνext/νB, is independent of γ peak (here νB = eB/(2πmec) is the cyclotron frequency), and the narrow range of values of B found in the EC model can account for the approximate constant ratio of νC/νsyn.
In the SSC model, instead, it is γ peak which is found in a narrow range (less than 2 decades). In the SSC case, we expect νC/νsyn ∼ γ 2 peak (in the Thomson regime), and νC/νsyn ∼ γ −1 peak in the extreme Klein-Nishina regime (in this case hνC ∼ γ peak mec 2 ).
The blazar unification
Evidence for continuity in the observed spectral properties of BL Lacs and FSRQ have been recently found by Fossati et al. (1998) , by studying complete samples of sub-classes of blazars in different energy bands. Diagrams and quantities derived by Fossati et al. (1998) from either data or their analytical representation turn out to be similar to and consistent with those found in this paper through model fitting. In Fig. 6 , the model considered here is applied to the average SEDs derived by Fossati et al. (1998) by binning, according to the radio luminosity, both BL Lacs and FSRQ belonging to complete samples. The parameters of these fits are reported in Table 5 in the Appendix. The fact that the model fits the average SEDs derived from complete blazars samples, with similar parameters and trends as for the γ-ray blazars, gives us confidence that our results are valid for all blazars.
The main result of the present paper concerns the intrinsic relationship among phenomenologically different classes of blazars, and in particular the evidence for a well Figure 6 . Fits with the EC model of the average SEDs derived by Fossati et al. (1998) . BL Lacs and FSRQ belonging to complete samples have been divided in bins accordingly only to their radio luminosity, and the average fluxes in each bin have been computed. The model parameters are reported in Table 5 (Appendix), and are in complete agreement with the parameters determined for the γ-ray loud sources examined in this work.
defined sequence in the properties of HBL, LBL and FSRQ with increasing importance of an external radiation field: the observed spectral properties of HBL, LBL, HPQ and LPQ can be therefore accounted for by e.g. the increasing role of broad emission line radiation (see also Fig. 6 and Table 5 ). This in fact dictates the peak energy of the emitting particle distribution and hence the shape of the spectra, thus determining the classification of an object into one of the blazar flavors. The fundamental physical processes occurring in and outside the relativistic jet are instead the same. This is indicated by the correlation between ℓext and ℓinj, which seems to 'set in' for more powerful object, from LBL up to the most luminous LPQ (see Fig. 5 ).
This proposed blazar unifying sequence can be therefore summarized as follows (see the schematic sketch in Fig. 7 ):
(i) HBL are sources characterized by the lowest intrinsic power and the weakest external radiation field (no or weak emission lines). Consequently the cooling is less dramatic and particles can be present with energies high enough to produce synchrotron emission extending to soft X-ray energies and TeV radiation through the SSC process. Being the inverse Compton cooling ineffective, the Compton dominance is expected to be small;
(ii) LBL are intrinsically more powerful than HBL and in some cases the external field can be responsible for most of the cooling. The stronger cooling limits the particle energy implying that the synchrotron and inverse Compton emission peak at lower frequencies, in the optical and GeV bands, respectively, with a larger Compton dominance parameter;
(iii) FSRQ represent the most powerful blazars, where the contribution from the external radiation to the cooling is the Figure 7 . Schematic representation of the proposed unifying scheme: the sequence HBL, LBL, HPQ, LPQ corresponds to an increase in the external radiation field, the total energy density and the injected power. These in turn result in a decrease of γ peak and an increase in the Compton dominance.
greatest. The emission by synchrotron and EC cannot extend at frequencies larger than the IR and MeV-GeV bands and the γ-ray radiation completely dominates the radiative output. Within this class, there is an hint of a further subdivision between low and high polarization objects, with a tendency for LPQ to be more extreme (lower values of γ peak and larger values of (Ur + UB), ℓinj and so on).
The correlations among the different quantities ensure that the knowledge of one of them allows to estimate the entire spectral energy distribution, and also the probable classification of the object. This is of course of great relevance for the study at high energies of those blazars not detected so far in the γ-ray band and the consequences on their variability patterns and duty cycles. Finally, the above findings have to be taken into account when considering the absorption of high energy radiation by the diffuse background fields as well as the estimates on the blazar contribution to the γ-ray background.
In the currently most accepted unification schemes for radio-loud sources, weak and powerful blazars are the beamed counterparts of Fanaroff-Riley type I (FR I, Fanaroff & Riley 1974) and type II (FR II) radio galaxies, respectively. Indeed continuity in the properties of blazars along a power sequence has been suggested by Maraschi & Rovetti (1994) , and Fossati et al. (1997) on the basis of statistical arguments. Within this frame, the blazar sequence would therefore manifest itself in several observational properties, including the total source power, the luminosity in emission lines, the extended radio power, the dominance of γ-rays over the other spectral components and the broad band shape of the SED (see Fig. 7 ). We therefore provide evidence for the unification of all radio-loud sources and suggest a deeper physical understanding for it, based on the total power generated in the very central engine of these spectacular sources.
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APPENDIX
Source
Other name z Class. Refs. for data (1) (2) (3) (4) (2), (4), (5) parameters of the correlation of the form y = mx + q; (3) number of objects; (6) correlation coefficient; (7) probability of a random distribution; (8) Fossati et al. (1998) by dividing into radio luminosity (L R ) bins BL Lacs and FSRQ belonging to complete samples. (1) Radio luminosity bin; (2) region size in units of 10 15 cm; (3), (4) compactnesses in injected particles and external radiation field; (5) maximum energy of the injected particles; (6) energy of the peak of the stationary electron distribution; (7) spectral index of the injected particles; (8) magnetic field intensity (in Gauss). In the fits the relativistic Doppler factor (column 9) has been fixed at the value δ=15.
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